Purpose: This study evaluated rates of BRCA1 and BRCA2 (BRCA1/2) test result acceptance among African American women and identified determinants of test result acceptance. Methods: Acceptance of BRCA1/2 test results was evaluated among 157 African American women at high and moderate risk for having a BRCA1/2 mutation who were offered genetic testing as part of a clinical genetic counseling research program. Results:
Recently, epidemiological studies have shown that the prevalence of BRCA1 and BRCA2 (BRCA1/2) mutations range from 16 -28% among African American women who have a personal and family history of breast and/or ovarian cancer suggestive of hereditary disease. [1] [2] [3] [4] If found to carry a BRCA1/2 mutation, women have an estimated 60 -80% lifetime risk of developing breast cancer and a 10 -45% lifetime risk of developing ovarian cancer. [5] [6] [7] Because of the excess rates of breast cancer mortality among African American women, 8, 9 participation in genetic counseling and testing may be beneficial to women at increased risk for hereditary cancer to increase knowledge about cancer risks and options for risk reduction. Efforts are now being made to enhance access to genetic counseling and testing for BRCA1/2 mutations among African American women at increased risk for hereditary disease. Recent research has shown that as many as 50% of African American women may participate in genetic counseling for breast cancer susceptibility, 10 but little is known about rates of acceptance of BRCA1/2 test results or determinants of test result acceptance.
To address this gap in our knowledge, we evaluated rates of BRCA1/2 test result acceptance among African American women at increased risk for hereditary breast and ovarian cancer and identified sociodemographic, clinical, and psychological barriers and facilitators to receiving genetic test results. Because prior studies have shown that cancer-specific worry may influence decisions about participating in genetic counseling among African American women 11 we were interested in exploring the relationship between BRCA1/2 test result acceptance and cancer-specific worry. Other reports have shown that many African American women would want to have genetic testing to be reassured about their cancer risk 12 ; however, it is possible that women who are uncertain about their risk of developing cancer may be most likely to receive test results to better define their risk of disease. Thus, we were also interested in determining whether certainty about one's risk of developing breast cancer is associated with genetic test acceptance. Since previous research has shown that responses to education about hereditary breast cancer and genetic testing may differ among African American women depending on the extent to which information addresses individual concerns, 11 a secondary aim of the study was to explore whether two forms of pre-test counseling, culturally tailored versus standard, influence acceptance of BRCA1/2 test results among women who participate in pre-test counseling. Information on rates and determinants of BRCA1/2 test result acceptance will provide important informa-tion on uptake of this service among African American women at increased risk for hereditary breast and ovarian cancer.
MATERIALS AND METHODS

Study population
Participants were African American women (N ϭ 157) at increased risk for having a BRCA1/2 mutation. To be eligible for participation, women had to self-identify as being African American or Black and have at least a 5-10% prior probability of having a BRCA1/2 mutation based on their personal and family history of breast and/or ovarian cancer. Prior probability of having a BRCA1/2 mutation was estimated based on the participant's personal and family history of breast and/or ovarian cancer using risk estimation models and empiric data from prior reports. 3, [13] [14] [15] The study was approved by the Institutional Review Board at the University of Pennsylvania.
Procedures
Women were recruited into the study though a referral network that included seven clinical institutions and community oncology resources located in Philadelphia, PA. At the clinical referral sites, brochures and flyers that contained information about the study were given to all African American women by physicians and clinic staff. Study brochures and flyers were given to women by research staff at community oncology resources. Women interested in learning more about genetic counseling completed a referral form that collected information on race, address, birth date, and personal and family history of cancer. Eligibility was determined by the study genetic counselor following referral and eligible women were mailed an invitation letter that described the study purpose and procedures involved in participation. Some women (N ϭ 27) were referred from a separate epidemiological study that was designed to identify genetic risk factors for breast cancer in African American women and had provided a blood sample before enrolling in this study. However, these women did not receive genetic counseling for hereditary breast-ovarian cancer susceptibility and clinical genetic testing for BRCA1/2 mutations was not performed. Further, referral from the epidemiological study was not associated with decisions about enrolling in this study. 10 Study enrollment included completion of a structured baseline telephone interview that took about 40 minutes to complete. Both study enrollment and the baseline were completed by a trained interviewer at Penn after obtaining verbal consent. Project staff who completed the study enrollment and the baseline telephone interview were African American. The baseline assessed sociodemographics, cancer-specific worry, and risk perception variables. The response rate for the baseline telephone interview and study enrollment was 61% (Fig. 1) . At the end of the baseline, women were invited to participate in genetic counseling; those who agreed to participate in counseling were randomized to culturally tailored or standard genetic counseling. Detailed information on these counseling protocols is provided below under "Genetic Counseling Protocols." Women were recruited into the study from February, 2003 through October, 2005.
Genetic counseling protocols
Standard Genetic Counseling (SGC): Following provision of written informed consent, women randomized to SGC received pre-test counseling about hereditary breast and ovarian cancer, the inheritance and prevalence of BRCA1/2 susceptibility genes, the process of genetic testing for BRCA1/2 mutations, and interpretation of genetic test results using a semistructured protocol. Risk of having a BRCA1/2 mutation was also provided to women along with information about cancer risks associated with BRCA1/2 mutations and the potential benefits, limitations, and risks of genetic testing. Possible test result outcomes (e.g., positive, negative, or variant of unknown significance) were also reviewed. The SGC session lasted about 90 minutes. Similar protocols have been used to provide pretest counseling in prior studies. 16, 17 Culturally tailored genetic counseling (CTGC): The CTGC protocol provided the same education about hereditary cancer, genetic testing, and risk information as the SGC protocol after written informed consent was obtained. However, consistent with guidelines for providing culturally competent genetic counseling, 18, 19 the CTGC protocol included standardized probes to elicit discussion about cultural factors that have been shown to influence decisions about genetic counseling among African American women in prior reports (e.g., spiritual and religious beliefs, communalism). 20, 21 For example, women were asked what aspects of their spiritual and religious beliefs influence their decision to have genetic testing to facilitate discussion about the role of these factors in decision-making about genetic testing for BRCA1/2 mutations. Women were also asked questions such as how their familial experiences with breast and ovarian cancer influenced their decisions to have genetic testing to facilitate discussions about values related to communalism. The CTGC sessions lasted 90 -120 minutes. The study genetic counselor (LK) took detailed counseling notes after CTGC and SGC to document the issues discussed during pre-test counseling and these notes were reviewed by the PI (CHH) to ensure adherence to the counseling protocols. In addition, counseling sessions were randomly audiotaped and reviewed by the PI to ensure adherence to the counseling protocols. The SGC and CTGC sessions were conducted using a semi-structured protocol that included visual aids to standardize the educational content and a written summary of the educational content was provided to women to refer to after the session. Sessions were conducted individuals by a board certified genetic counselor (LK) who was Caucasian.
At the end of culturally tailored or standard genetic counseling, women were given an opportunity to provide a blood sample for genetic testing. Women who were interested in having genetic testing were scheduled for a meeting with a medical oncologist (SD). During this visit, women discussed any new medical issues and were offered a clinical breast examination. Possible test result outcomes, as well as the risks and benefits of genetic testing, were reviewed by the medical oncologist. Spe-
African American test result acceptance
cific issues that were discussed were the ways that knowledge of BRCA1/2 mutation status might influence medical management (e.g., oophorectomy, enhanced screening) for themselves and their family members, as well as the possibility of variants of unknown significance. Blood samples were obtained from women who were interested in genetic testing following provision of written informed consent at the end of this appointment. When test results became available, women were contacted by telephone by the study genetic counselor to schedule a test results disclosure session. Costs for genetic testing were paid by the participant's insurance company or by institutional funds at the Abramson Cancer Center.
Participants who provided a blood sample were invited to attend an individual test result disclosure and counseling session when their BRCA1/2 test results became available. Following provision of written informed consent, BRCA1/2 test results were disclosed by the genetic counselor and medical oncologist. Women were also provided with information about their risk of developing cancer, individualized guidelines for surveillance and prevention options, and risk of having a BRCA1/2 mutation among family members. Following disclosure of BRCA1/2 test results and discussion of guidelines for cancer screening and surveillance, a semistructured culturally tailored protocol was used to facilitate discussion of cultural belief and values that were addressed during the pre-test counseling session among women who were randomized to CTGC. For example, women were asked what aspects of their religious and spiritual beliefs they would use to cope with their BRCA1/2 test results. Women were also asked which family members would they lean on for support following test results disclosure and how would they react if relatives did not want to know their BRCA1/2 test results.
Regardless of test result and randomization to CTGC or SGC, all women received a written report that included an interpretation of their BRCA1/2 test result and guidelines for medical management. In addition, all women were contacted by the study genetic counselor approximately two weeks following the test result disclosure session to answer any additional questions and to provide additional referrals, if needed. 
Measures
Sociodemographics
Income, marital status, education, and employment status were obtained during the baseline telephone interview. Responses to these items were re-coded into dichotomous variables (e.g., not married vs. married) based on the distribution of responses.
Clinical factors
Age, personal history of cancer, and family history of disease were obtained by self-report. Women were categorized as being age 50 or younger or older than age 50.
The total number of first-, second-, and third-degree relatives diagnosed with breast and/or ovarian cancer was calculated because it is standard practice to construct a three-generation pedigree for genetic counseling. 22 Women were categorized as having two or more affected relatives or less than two relatives affected with breast and/or ovarian cancer.
Psychological variables
Psychological factors were evaluated in terms of certainty about one's risk of developing cancer, perceived risk of having a BRCA1/2 mutation, and cancer-specific worry. Specifically, we used one Likert-style item validated in previous research on genetic counseling for inherited breast cancer risk to evaluate perceived risk of having a BRCA1/2 mutation. 11, 23 Certainty about one's risk of developing cancer was evaluated with a Likert-style item that asked women how certain they were of their chances of getting breast cancer (1 ϭ not at all certain, 2 ϭ a little certain, 3 ϭ somewhat certain, 4 ϭ very certain). Similar types of items have been used in prior research to evaluate certainty about one's breast cancer risk. 24 Responses to these items were re-coded into dichotomous variables based on the distribution of responses (e.g., at risk vs. not at risk and more certain vs. less certain). We used the breast cancer worry scale to evaluate cancer-specific worry. 25 This questionnaire asked women to indicate how much they thought about their chances of developing breast cancer and how much thoughts about developing breast cancer impacted their mood and ability to perform their daily activities. This scale has been used to measure cancer-specific worry among women seeking genetic counseling for BRCA1/2 mutations in previous research 26 and had good internal consistency in this sample (Cronbach's alpha ϭ 0.76).
Acceptance of BRCA1/2 test results
Women were classified as either BRCA1/2 test result acceptors or decliners. Acceptors included women who participated in genetic counseling, provided a blood sample for testing, and received BRCA1/2 test results. As in prior reports, 16, 27 decliners included women who did not receive BRCA1/2 test results within 8 -12 weeks of being notified that results were available, women who declined to participate in genetic counseling, and those who declined to provide a blood sample for testing following pre-test counseling. We compared women who declined to participate in genetic counseling to those who declined genetic testing or test results and there were no differences in terms of sociodemographic characteristics (e.g., marital status, 2 ϭ 0.19, P ϭ 0.66), clinical factors (e.g., cancer history, 2 ϭ 1.28, P ϭ 0.26), or psychological variables (e.g., breast cancer certainty, 2 ϭ 0.13, P ϭ 0.72). Costs for genetic testing were paid by institutional funds for women with Ն10% prior probability of having a BRCA1/2 mutation. For women with a 5% prior probability, these costs were paid by insurance companies.
Data analysis
We first generated frequencies to characterize participants in terms of sociodemographics, clinical factors, and acceptance of BRCA1/2 test results. Next, we conducted 2 analysis to evaluate the relationship between randomization to CTGC and SGC and sociodemographics and clinical factors. We then conducted 2 tests of association to evaluate the relationship between BRCA1/2 test result acceptance and randomization to CTGC and SCG. We then conducted bivariate analyses to evaluate the relationship between BRCA1/2 test result acceptance and sociodemographics, clinical factors, and cancer-specific worry using a combination of 2 tests of association for dichotomous variables and non-parametric analysis of variance for continuous measures. These analyses were stratified by BRCA1/2 prior probability because of differences in coverage for genetic testing expenses among women with Ն10% prior probability and those with a 5% prior probability. We then conducted multivariate logistic regression analysis to identify factors having independent associations with BRCA1/2 test result acceptance. Variables that had a bivariate association of P Ͻ 0.10 with test result acceptance were included in the logistic regression model.
RESULTS
Sample characteristics
As shown in Table 1 , the sample consisted mostly of women who had Ն10% prior probability of having BRCA1/2 mutation (53%). In addition, most women were ages 50 and younger (61%), were not married (69%), had some college education or were college graduates (69%), were employed (62%), and had an annual household income less than $35,000 (52%). Ninetyseven percent of women had health insurance. There were no differences in sociodemographic characteristics between women who had Ն10% prior probability of having a BRCA1/2 mutation and those who had a 5% prior probability. Overall, 64% of women had a personal history of breast and/or ovarian cancer and most women had two or more relatives affected with cancer (59%). In terms of randomization to genetic counseling, 48% of women were randomized to CTGC (N ϭ 65) and 52% were randomized to SGC (N ϭ 71). Women who did not participate in the prior epidemiological study ( 2 ϭ 6.95, P ϭ 0.01) and those with a high school education or less ( 2 ϭ 6.22, P ϭ 0.01) were more likely to be randomized to CTGC; however, there were no differences in marital status ( 2 ϭ 0.13,
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September 2006 ⅐ Vol. 8 ⅐ No. 9 P ϭ 0.72), income ( 2 ϭ 0.01, P ϭ 0.93), employment ( 2 ϭ 1.06, P ϭ 0.30), cancer status ( 2 ϭ 0.14, P ϭ 0.70), family history of cancer ( 2 ϭ 0.004, P ϭ 0.95), or BRCA1/2 prior probability ( 2 ϭ 0.96, P ϭ 0.33) between women randomized to CTGC and SGC.
Acceptance of genetic test results
There were no differences in BRCA1/2 test result acceptance in the total sample of women who were randomized to CTGC and SGC (N ϭ 136) (22 vs. 28%, 2 ϭ 0.80, P ϭ 0.37) or among women who participated in pre-test counseling. Among participants in pre-test counseling, 47% were test result acceptors and 53% declined. Since there were no differences in test result acceptance among women randomized to CTGC or SGC, we evaluated rates of test result acceptance in the total sample of women who enrolled in the study. Among all women (N ϭ 157), 22% were test result acceptors and 78% were decliners; however, test result acceptance was greater among women who had Ն10% prior probability of having a BRCA1/2 mutation (34%) compared to those who had a 5% prior probability (8%) ( 2 ϭ 15.14, P ϭ 0.001). Of the women who received test results, 15% were mutation carriers, 65% were BRCA1/2 negative, and 21% had variants of uncertain significance. Since a small number of women with a 5% prior probability received BRCA1/2 test results (N ϭ 6), we did not complete analyses to identify factors associated with test result acceptance among these women; thus, the analysis presented below is based on women with Ն10% prior probability who enrolled in the study (N ϭ 83) .
Of the sociodemographic factors, only marital status was associated significantly with BRCA1/2 test result acceptance. Women who were married were significantly more likely to receive BRCA1/2 test results compared to those who were not married ( 2 ϭ 9.16, P ϭ 0.002). In addition, cancer-specific worry was greater among women who received BRCA1/2 test results compared to decliners (Kruskal-Wallis 2 ϭ 2.87, P ϭ 0.09). However, women who were less certain about their risk of developing cancer (42%) were more likely to receive BRCA1/2 test results compared to women who were more certain about their risks (22%) ( 2 ϭ 3.51, P ϭ 0.06). No other sociodemographic, clinical factors, or psychological variables were associated significantly with BRCA1/2 test result acceptance.
Predictors of test result acceptance
In the multivariate logistic regression model of acceptance of BRCA1/2 test results, only marital status and certainty about breast cancer risk had significant independent associations with test result acceptance. As shown in Table 2 , women who were married were about five times more likely than unmarried women to receive BRCA1/2 test results (OR ϭ 5.29, 95% CI ϭ 1.82, 15.38, P ϭ 0.002). In addition, women who were less certain about their cancer risk were about three times more likely to receive BRCA1/2 test results compared to women who were more certain (OR ϭ 3.18, 95% CI ϭ 1.04, 9.80, P ϭ 0.04). We re-ran the model controlling for education and participation in the prior epidemiological study and the results were unchanged (marital status, OR ϭ 5.84, 95% CI ϭ 1.92, 17.77, P ϭ 0.002; certainty, OR ϭ 3.39, 95% CI ϭ 1.06, 10.82, P ϭ 0.04).
DISCUSSION
Prior reports have evaluated participation in genetic counseling among African American women; 10, 20, 26 however, to our knowledge, this study is the first to document rates of actual BRCA1/2 test result acceptance among African American women at increased risk for hereditary breast and ovarian cancer. Overall, 22% of women received BRCA1/2 test results; once women underwent pre-test counseling, 47% of women received BRCA1/2 test results. These findings suggest that acceptance of BRCA1/2 test results may be limited among African American women at increased risk for hereditary cancer, especially in comparison to acceptance rates reported for other populations. 16, 27 Importantly, however, acceptance rates did not differ between women who received culturally tailored and standard genetic counseling. Cultural beliefs and values are increasingly being recognized as important factors in genetic counseling 18, 19, 28 and our recent study found that African American women who received culturally tailored genetic counseling were more satisfied with some aspects of counseling compared to those who received standard genetic counseling. 29 However, the effect of genetic counseling on BRCA1/2 test result acceptance was based on a limited number of women who completed pre-test counseling; thus, this finding should be interpreted with caution.
The results of this study provide some insight into factors that are likely to motivate acceptance of BRCA1/2 test results among African American women. We found that women who were less certain about their risk of developing breast cancer were about three times more likely to receive BRCA1/2 test results compared to women who were more certain about their risks. Provision of risk information is a key component of genetic counseling for BRCA1/2 mutations 30,31 and previous research has shown that obtaining information about cancer risks is an important motivation for genetic testing among African American women. 12 However, recent research has shown that many African American women may have BRCA1/2 variants of unknown significance 4 ; thus, genetic testing may not clarify cancer risks for these women. This underscores the importance of preparing African American women for this possible outcome during pre-test counseling and ensuring that women understand the clinical implications of genetic test results as part of test results disclosure.
We also found that women who were married were most likely to receive BRCA1/2 test results whereas cancer-specific worry did not have a significant effect on BRCA1/2 test result acceptance. Previous research has demonstrated that guilt about passing a BRCA1/2 mutation to relatives may be a barrier to participation in genetic counseling among African American women. 20 However, women are likely to discuss genetic testing with their partner before making a decision about testing. 32 It is possible that married women may have been encouraged to have testing by their spouses and/or partners (Hughes, unpublished data, 1997) . Spouses are an important resource for emotional support following breast cancer diagnosis among African American women 33 ; the availability of spousal and/or partner support following test results disclosure may have also motivated women to receive BRCA1/2 test results. Thus, while cancer-specific worry may not be a barrier to BRCA1/2 test result acceptance among African American women, lack of encouragement or support from spouses and/or partners may decrease acceptance of genetic test results.
In considering the results of this study, some limitations should be noted. First, rates of genetic test acceptance were based on 61% of eligible women who enrolled in the study. The challenges associated with recruiting African American women to participate in cancer research are well-documented 34 -37 ; however, the enrollment rates for the present study are similar to the rates reported in studies that evaluated genetic testing decisions in Caucasian samples. 27, 38 An additional limitation is that we had limited statistical power to detect small differences in test result acceptance rates between women randomized to CTGC and SGC and the model predicting BRCA1/2 test result acceptance was based only on women with Ն10% prior probability of having a mutation. However, to our knowledge, our report includes the largest sample of African American women at increased risk for hereditary breast cancer to be enrolled in a prospective randomized trial and we had 80% power to detect moderate effects in the total sample of women randomized to CTGC and SGC and in the subset of women included in the model predicting test result acceptance. Nonetheless, additional research is needed to evaluate acceptance of BRCA1/2 test results in larger samples of African American women. Since decliners included women who declined genetic counseling as well as those who declined testing or results, additional research may be needed to evaluate testing decisions based on more uniform groups of women who choose not to participate in genetic counseling, decline genetic testing, or elect to not receive results. However, women who declined genetic counseling did not differ from those who declined testing and/or results in terms of sociodemographic characteristics, clinical factors, or psychological variables. Previous research has shown that racial concordance with health care providers may be important for effective communication; 39 the lack of racial concordance between participants and the genetic counselor may explain the low rates of genetic test acceptance observed in this study. However, the majority of African American women were extremely satisfied with genetic counseling even though they were not racially concordant with the counselor. 29 Thus, we do not believe that racial discordance between the counselor and participants was a factor in decisions about genetic testing. However, this is an important area for future research.
Despite these potential limitations, the results of this study demonstrate that acceptance of BRCA1/2 test results may be limited among African American women. Since lack of spousal/partner support may be a barrier to acceptance of BRCA1/2 test results among African American women, it may be useful to identify other resources for support as women considering testing. Previous research has shown that individuals who have more cohesive relationships with family members are most likely to receive BRCA1/2 test results. 40 Thus, other family members might be able to provide support to women who are not married as these individuals consider genetic testing for BRCA1/2 mutations. Since African American women may be likely to receive BRCA1/2 test results to clarify their risks of developing cancer, our results also underscore the importance of discussing possible testing outcomes and the likelihood that BRCA1/2 test results may not clarify cancer risks as part of pre-test counseling with African American women to ensure that women make informed decisions about testing. Additional research is needed to understand the effects of BRCA1/2 test results, especially uncertain risk information, on psychological functioning and cancer screening behaviors among African American women.
